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SYSTEM FOR 
EFFICIENTLY COOLING A PROCESSOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] This invention relates generally to computer hardware and more particularly to a 
system for efficiently cooling a processor. 

2. Description of the Background Art 

[0002] FIG. 1 is an isometric view illustrating a prior art system 100 used to cool a 
processor (not shown). As shown, system 100 characteristically includes a heat sink 
assembly 104, which further includes a fan 106, walls 109 and a bottom plate 111. 
Typically, system 100 is thermally coupled to a processor, for example using thermal 
adhesive having thermal properties that facilitate transferring heat generated by the 
processor to bottom plate 1 1 1 of heat sink assembly 104. System 100 may also include 
a heat sink lid (not shown), which, among other things, prevents particles and other 
contaminants from entering fan 106 and air blown from fan 106 from escaping system 
100. Heat sink lid 102, together with walls 109 and bottom plate 111 of heat sink 
assembly 104, define a plurality of air channels 108. 

[0003] Fan 106 is configured to force air through air channels 108 such that the heat 
generated by the processor transfers to the air as the air passes over bottom plate 111. 
The heated air then exits heat sink assembly 104, as depicted by flow lines 114, thereby 
dissipating the heat generated by the processor into the external environment. This 
process cools the processor and, among other things, prevents the processor from 
burning up during operation. Persons skilled in the art will understand that air channels 
108 typically are configured to direct air blown from fan 106, over bottom plate 1 1 1, to 
the external environment in a manner that most efficiently removes heat from the 
processor. 
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[0004] One drawback of using system 100 to cool a processor is that a sound wave 
produced when fan 106 forces air through an air channel 108 oftentimes establishes a 
standing wave within air channel 108. As persons skilled in the art will understand, this 
phenomenon substantially increases the noise level of the airflow through air channel 
108 because the resulting standing wave produced by the interference between an 
incident sound wave and, a reflected sound wave has an amplitude at the antinodes that 
is substantially greater than the amplitude of incident sound wave. The increased noise 
is particularly annoying to persons who use computers and other electronic devices that 
include a system similar to system 100. 

[0005] One method for reducing airflow noise while cooling a processor is to 
implement a fluid-based cooling system, in which heat generated by the processor 
transfers to a heat transfer fluid (such as water) being quickly circulated close to the 
processor. However, typical fluid cooling systems are driven by large pumps, which are 
prone to frequent failure and tend to consume a great deal of power. Moreover, such 
systems tend to use large quantities of fluid, circulating at a high flow rate, and therefore 
must be frequently replenished or replaced. 

[0006] Thus, there is a need in the art for a system for efficiently cooling a processor. 

SUMMARY OF THE INVENTION 

[0007] One embodiment of a system for efficiently cooling a processor includes an 
active hybrid heat transport module adapted to be integrated with a fansink. The hybrid 
heat transport module comprises both a fluid channel and an air channel adapted for 
transporting heat. The hybrid heat transport module and the fansink may be used alone 
or in combination to dissipate heat from the processor. 

[0008] One advantage of the disclosed system is that, among other things, the system 
produces less airflow noise during operation. 

[0009] A second advantage of the disclosed system is that it is more reliable than 
conventional fluid cooling systems. 
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[0010] A third advantage of the disclosed system is that it dissipates heat more 
effectively and more efficiently than conventional fan- or fluid-based cooling systems 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is an isometric view illustrating a prior art system used to cool a 
processor. 

[0012] FIG. 2 is schematic diagram illustrating a computing device adapted for use with 
a system for cooling a processor, according to one embodiment of the present invention. 

[0013] FIG. 3 is an isometric view illustrating an improved system for cooling a 
processor, according to one embodiment of the present invention. 

[0014] FIG. 4 is an exploded view of a portion of the cooling system illustrated in FIG. 
3; 

[0015] FIG. 5 is a cross sectional view of a portion of the cooling system illustrated in 
FIG. 3; and 

[0016] FIG. 6 is a flow diagram illustrating a method for controlling the cooling system 
illustrated in FIG. 3, according to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] FIG. 2 is schematic diagram illustrating a computing device 200 adapted for use 
with a system 218 for cooling a processor, according to one embodiment of the present 
invention. Computing device 200 may be any type of computing device, including, 
without limitation, a desktop computer, a server, a laptop computer, a palm-sized 
computer, a personal digital assistant (PDA), a tablet computer, a gaming console, a 
cellular telephone, a computer-based simulator and the like. 
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[0018] As shown, computing device 200 includes a housing 201, within which a 
motherboard 204 resides. Mounted on motherboard 204 are a central processing unit 
(CPU) 206, a processor cooler 208 for cooling CPU 206, a system fan 210 for removing 
heat from computing device 200, and one or more peripheral component interface (PCI) 
cards 212, each interfaced with a slot located in the back part of housing 201. 
Motherboard 204 further incorporates a graphics card 202 that enables computing 
device 200 to rapidly process graphics related data for graphics intensive application, 
such as gaming applications. Graphics card 202 comprises a printed circuit board 
(PCB) upon which a plurality of circuit components (not shown), such as memory chips 
and the like, are mounted. In addition, graphics card 200 includes a graphics processing 
unit (GPU) 216, mounted to one face of graphics card 202, for processing graphics 
related data. Generally, cooling system 218 is configured for coupling to GPU 216 in 
lieu of a conventional cooling system, such as cooling system 100 of FIG. 1. 

[0019] FIG. 3 is an isometric view illustrating an improved system 300 for cooling a 
processor, according to one embodiment of the present invention. Similar to system 
218 of FIG. 2, cooling system 300 may be adapted for use in any type of appropriate 
computing device. As shown, cooling system 300 may include, without limitation, a 
fanksink 302 and a hybrid heat transport module 304. As described in further detail 
below, fansink 302 and hybrid heat transport module 304 may operate independently or 
in combination to dissipate heat from a processor. 

[0020] In one embodiment, fansink 302 is configured in a manner similar to cooling 
system 100 of FIG. 1 and includes, without limitation, a fan 308, walls 306 and a 
bottom plate 318. In one embodiment, system 100 also includes a heat sink lid 320, 
which, among other things, prevents particles and other contaminants from entering fan 
308 and air blown from fan 308 from escaping system 300. Heat sink lid 320, together 
with walls 306 and bottom plate 318 of fansink 302, define a plurality of air channels 
322. 

[0021] Hybrid heat transport module 304 is adapted to be integrated with fansink 302. 
In one embodiment, hybrid heat transport module 304 is thermally coupled to a portion 
of bottom plate 318 and includes, without limitation, a fluid channel 312, an inlet 314, 
an outlet 316 and a plurality of air channels 310. Hybrid heat transport module 304 is 



4 



coupled to a pump, which is adapted for circulating a heat transfer fluid (e.g., water or 
any other suitable heat conducting fluid) through a closed loop, including fluid channel 
312. In one embodiment, the pump circulates fluid from hybrid heat transport module 
304 through a heat exchanger prior to supplying the fluid back to hybrid heat transport 
module 304. Inlet 314 and outlet 316 are configured for respectively supplying and 
removing the heat transfer fluid to fluid channel 312. 

[0022] In one embodiment, air channels 310 are adapted for coupling to air channels 
322 and for transporting forced air from fan 308. In one embodiment, air channels 310 
are positioned over and around fluid channel 312, so that fluid channel 312 is 
substantially enclosed within air channels 310. In alternative embodiment, fluid channel 
312 and air channels 310 may be positioned in any relative orientation that provides 
good heat dissipation. Those skilled in the art will recognize that hybrid heat transport 
module 304 may be implemented to transfer heat via air channels 310, fluid channel 
312, or both in combination. 

[0023] In one embodiment, fansink 302 dissipates heat in a manner similar to system 
100 illustrated in FIG. 1. Fan 308 is configured to force air through air channels 322 
and air channels 310 such that the heat generated by the processor transfers to the air as 
the air passes over bottom plate 318. The heated air then exits system 300, as depicted 
by flow lines 324, thereby dissipating the heat generated by the processor into the 
external environment. 

[0024] In one embodiment, the pump circulates the heat transfer fluid through fluid 
channel 312 of hybrid heat transport module 304, and heat generated by the processor 
transfers to the circulating heat transfer fluid as well as to air in air channels 310. Fluid 
channel 312 is adapted for transporting heat transfer fluid through a downstream heat 
exchanger, which dissipates heat from the heat transfer fluid into an outside 
environment. 

[0025] Persons skilled in the art will recognize that system 300, including fansink 302 
and hybrid heat transport module 304, may be used to cool any type of processor. For 
example, in one embodiment, the processor comprises a graphics processing unit. In an 
alternative embodiment, the processor may comprise a central processing unit. In yet 
another alternative embodiment, the processor may comprise an application-specific 
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integrated circuit (ASIC). In another embodiment, system 300 may be sized to cool a 
memory chip in addition to the processor. 

[0026] FIG. 4 is an exploded view of a portion of cooling system 300. In one 
embodiment, bottom plate 318 includes a trench 402 sized for coupling to and sealing 
fluid channels 312. In one embodiment, the surface of trench 402 is textured to increase 
the heat transfer surface area of bottom plate 318, as described in further detail below, 
and to transfer heat from bottom plate 318 to the heat transfer fluid flowing through 
fluid channel 312. For example, trench 402 may further include a plurality of pins 404 
extending upward from bottom plate 318. The density and geometric shape of pins 404 
may vary, so long as pins 404 are capable of effectively transferring heat from bottom 
plate 318 to the heat transfer fluid flowing around pins 404. 

[0027] FIG. 5 is a cross sectional view of hybrid heat transport module 304, taken along 
sectional line 3—3' of FIG. 3. As illustrated, hybrid heat transport module 304 is 
configured to dissipate heat from a processor via fluid channel 312 and/or air channels 
310. As described above, air channels 310 may be configured to interface to air 
channels 322 of fansink 302, so that even when the pump is not activated to circulate 
fluid through fluid channel 312, air channels 310 will operate to increase the heat 
transfer surface area of system 300 (e.g., by effectively extending air channels 322), 
thereby enabling heat to be dissipated more efficiently. 

[0028] Fansink 302 and hybrid heat transport module 304 may be implemented 
independently or in combination to dissipate heat from a processor, in order to dissipate 
heat from the processor in the most efficient manner. For example, fansink 302 may be 
implemented to dissipate a majority of the generated heat, hybrid fluid heat transport 
module 304 may be implemented to dissipate a smaller quantity of heat, and the 
proportions of heat dissipated by fansink 302 and hybrid heat transport module 304 may 
be dynamically adjusted. Alternatively, one of fansink 302 and hybrid heat transport 
module 304 may be implemented as a primary means for heat dissipation, while the 
other mechanism is implemented on an as-needed basis to dissipate excess heat. 

[0029] FIG. 6 is a flow diagram illustrating a method 600 for controlling cooling system 
300, for example for implementation by a control unit coupled to cooling system 300, 
according to one embodiment of the invention. In the illustrated embodiment, the 
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method 600 implements fansink 302 as a primary means for heat dissipation, while 
hybrid heat transport module 304 is implemented on as as-needed basis. Method 600 is 
initialized at step 602 and proceeds to step 604, where method 600 monitors the 
temperature of the processor, for example by means of a thermal diode or other sensor 
positioned proximate to the processor. Method 600 then proceeds to step 606 and 
determines whether the temperature of the processor has reached a predetermined 
threshold temperature at which a secondary heat dissipation mechanism (e.g., hybrid 
heat transport module 304) should be implemented. 

[0030] If method 600 determines at step 606 that the processor temperature has not 
reached the threshold temperature, method 600 returns to step 604 and continues to 
monitor the processor temperature. Alternatively, if method 600 determines at step 606 
that the threshold temperature has been reached or exceeded, method 600 proceeds to 
step 608 and turns on the pump of hybrid heat transport module 304, in order to engage 
the secondary heat dissipation mechanism. Method 600 then determines at step 610 
whether the implementation of hybrid heat transport module 304 has cooled the 
processor to a predetermined desired temperature (e.g., an ideal operating temperature). 

[0031] If method 600 determines at step 610 that the processor has been cooled to the 
desired temperature, method 600 proceeds to step 612 and turns off the pump of hybrid 
heat transport module 304, effectively shutting off hybrid heat transport module 304 so 
that the processor continues to be cooled by the primary heat dissipation mechanism 
(e.g., fansink 302). Method 600 then returns to step 604 and continues to monitor the 
temperature of the processor. Alternatively, if method 600 determines at step 610 that 
the processor has not yet been cooled to the desired temperature, method 600 returns to 
step 608 and continues to run the pump of hybrid heat transport module 304 until the 
processor is cooled to the desired temperature. 

[0032] Cooling system 300 offers several advantages over conventional cooling 
systems, such as cooling system 100 of FIG. 1. First, using fansink 302 in conjunction 
with hybrid heat transport module 304 results in a more reliable cooling system, because 
the pump of hybrid heat transport module 304 may be implemented on a limited or as- 
needed basis. The life of the pump is thereby extended, because the pump is not 
constantly operating at maximum power. For example, in one embodiment, the life of a 
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typical pump may be extended by approximately fifty percent. Alternatively, cooling 
system 300 may incorporate a pump that is significantly smaller than a pump typically 
incorporated in a fluid-based cooling system. Moreover, in the event of failure, fansink 
302 may operate as a backup to fluid heat transport module 304, and vice versa. 

[0033] Also, because hybrid heat transport module 304 may be implemented on a 
limited or as-needed basis (e.g., as opposed to being a primary heat dissipation means), 
the amount of heat transfer fluid and the flow rate of the fluid through fluid channel 312 
may be reduced compared to a conventional fluid-based cooling system. Thus, cooling 
system 300 requires less maintenance (e.g., frequent replenishment of fluid reservoirs) 
than conventional fluid-based cooling systems, and the pump consumes less power. 

[0034] In addition, because cooling system 300 relies less on fansink 302 to dissipate 
heat (e.g., when hybrid heat transport module 304 is implemented either alone or in 
conjunction with fansink 302), an amplitude at the antinodes of interfering sound waves 
established within air channel 322 is smaller. Thus, the noise level of the airflow 
through air channel 322 may be substantially decreased. 

[0035] Moreover, using hybrid heat transport module 304 in conjunction with fansink 
302 increases the heat flow rate;, (dQ/dT), of cooling system 300, which enables cooling 
system 300 to transfer heat away from the processor more efficiently than conventional 
cooling systems. One reason for this increase is that the heat transfer area, A, of cooling 
system 300 can be substantially larger than that of conventional cooling systems, owing 
to the incorporation of air channels 310 and pins 404. Even if hybrid heat transport 
module 304 is not active (e.g., the pump is not activated), the configuration of hybrid 
heat transport module 304 will increase the heat transfer surface area over which air 
forced by fan 308 travels, as the forced air will travel through both channels 322 and 
channels 310. 

[0036] Heat flow rate (dQ/dT) is calculated according to the following equation: 

(dQ/dT) = hA(T sink - T air ) (EQN. 1) 

where h is the heat transfer coefficient of cooling system 300, T S ink is the temperature of 
the heat exchanging elements (e.g., air channels 322, air channels 310 and pins 404) and 
T air is the temperature of the air flowing through the heat exchanging elements. As 
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discussed above, since A is much larger for cooling system 300 than for a conventional 
cooling system (and AT is approximately the same), the heat flow rate (dQ/dT) is 
substantially increased when using cooling system 300. 

[0037] The increased heat flow rate (dQ/dT) further results in cooling system 300 
having an improved heat transfer efficiency, 0 sa , relative to conventional cooling 
systems. As persons skilled in the art will recognize, heat transfer efficiency, 0 sa , may 
be calculated according to the following equation: 

e sa = (T sink -T air )/(dQ/dT) (°C/watt) (EQN. 2) 

where a smaller value for © sa indicates increased efficiency and therefore is more 
desirable. Again, the larger heat transfer area, A, causes cooling system 300 to have 
greater heat flow rate (dQ/dT), and, consequently, an improved efficiency as well (as 
evidenced by the smaller value of 0 sa ). 

[0038] Simulations comparing improved cooling system 300 with a conventional 
cooling system show that improved cooling system 300 can cool a processor to 
temperatures that are upwards of twenty-two percent lower than temperatures achieved 
with the conventional cooling system, without substantially increasing power 
consumption. 

[0039] The location of cooling system 300, fansink 302 and hybrid heat transport 
module 304, as well as the size and shape of the components, may be dictated by other 
board mounted components, as well as by accelerated graphics processor (AGP) - 
specified envelope constraints. Moreover, those skilled in the art will appreciate that the 
cooling system described herein may be implemented in both ATX motherboard 
configurations (wherein a graphics card is orientated so that the GPU faces downward 
relative to the computing device, as illustrated in FIG. 2) and BTX configurations 
(wherein a graphics card is orientated so that the GPU faces upward relative to the 
computing device). Therefore, the cooling system of the present invention may be 
implemented as a single-slot cooling solution, e.g., wherein the size of the cooling 
system does not require space on the motherboard that may be allocated to other 
components, such as PCI cards. 

[0040] Thus, the present invention represents a significant advancement in the field of 
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processor cooling. By implementing a hybrid heat transport module in conjunction with 
a fansink, a system used to cool a cooling system will produce less airflow noise in 
operation than systems that incorporate conventional heat sink lids and will cool a 
processor more effectively and efficiently. Moreover, by implementing the hybrid heat 
transport module on a limited basis, the life of a pump used to drive a portion of the 
hybrid heat transport module can be significantly extended. 

[0041] Although the invention has been described above with reference to specific 
embodiments, persons skilled in the art will understand that various modifications and 
changes may be made thereto without departing from the broader spirit and scope of the 
invention as set forth in the appended claims. The foregoing description and drawings 
are, accordingly, to be regarded in an illustrative rather than a restrictive sense. 
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